Introduction
Cellular membranes, selective barriers separating inside and outside cellular volumes, are crucial to the interactions with the cell exterior by enabling the transfer of many important compounds for cell metabolism and for chemical and electrical signaling. [1] [2] [3] In all biomembranes, the lipid bilayer constitutes the backbone, in which various proteins and glycan-containing membrane anchors are embedded.
The understanding of the biological functions of cell membranes is directly connected with their fundamental physicochemical properties. Several parameters, such as membrane electrostatics, phase state, hydration, and dynamics of the constituting molecules, establish the membrane structure and control the binding and transport of molecular and ionic species. Furthermore, they determine the correct insertion,
proper folding, and function of membrane proteins. [4] Fluorescent probing is one of the most suitable methods for the monitoring of these parameters in situ and the environment-sensitive fluorophores are of extreme importance. These compounds provide information on the properties of the molecular environment through changes in their photophysical characteristics. [5] [6] [7] [8] [9] [10] The variety of fluorescent markers used in studies of the biophysical properties of lipid membranes, includes 9-(dicyanovinyl) julolidine (DCVJ), 7-nitrobenz-2-oxa-1,3-diazol-4-yl (NBD), Prodan, 7-(dialkylamino)-coumarin, styryl, 3-hydroxychromone (3HC) and their derivatives, as well as Nile Red and Nile Blue; the last two are oxazine dyes. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 8, 4] The synthesis of novel fluorochromophores based on the oxazine core with substituents, which allow for their interaction with a variety of biological molecules, is important for labelling purposes. [21] Most biological macromolecules and structures have hydrophobic and hydrophilic zones, hence the presence of a long alkyl chain in the fluorescence label allows it to easily bind to the hydrophobic parts of biomolecules or biomembranes, enabling the fluorophore to probe its environment. [22] When these types of probes are incorporated in biomembranes, their oxazine core can report on the local changes of the membrane properties, namely micropolarity, the hydration level, charge and microviscosity.
These properties are important to understand the structure, dynamics and function of the biological membrane, as previously mentioned. The cationic nature of benzophenoxazinium fluorophores is expected to allow them to probe the charge density of the biomembrane.
Considering these facts, and as part of our current research interests in the synthesis and characterisation of fluorescence probes, [23] [24] [25] [26] [27] [28] [29] [30] this work describes the synthesis of five benzo[a]phenoxazinium chlorides with different combinations of substituents at 5-, 9-and 10-positions of the polycyclic aromatic ring, as well as the study of their photophysical behaviour in homogeneous media and in zwitterionic/cationic vesicles, regarding the changes in the substitution positions.
Results and Discussion

Synthesis
Benzo[a]phenoxazinium chlorides 1a-e were synthesised by the condensation of 5-(alkylamino)-2-nitrosophenol hydrochlorides 2a-e with N-alkylnaphthalen-1-amines 3a or 3b in acid media (Scheme 1). The required nitrosophenol 2a-e was obtained by nitrosation of the corresponding 3-alkylaminophenol derivative with sodium nitrite and hydrochloric acid, in water or a mixture of ethanol-water as the solvent. [23] [24] [25] [26] [27] [28] [29] [30] [31] The 3-(icosylamino)phenol and 3-(diicosylamino)phenol, precursors of compounds 2d and 2e, as well as Nicosylnaphthalen-1-amine 3a or N-propylnaphthalen-1-amine 3b [28, 29] were obtained by alkylation of 3-aminophenol and naphthalen-1-amine with 1-bromoicosane or 1-bromopropane (in the case of compound 3b), in ethanol, in moderate to good yields. Precursors of nitrosophenols 2a-c were commercial reagents.
Condensation of 5-ethylamino-4-methyl-2-nitrosophenol hydrochloride 2a, The IR spectra of these benzo[a]phenoxazinium dyes showed the expected bands due to stretching vibrations of the amine function (3450-3402 cm -1 ), the C-H linkage of the methyl and methylenic groups (2956-2850 cm -1 ), the C-C linkage of the aliphatic chains (1186-817 cm -1 ), as well as a strong band of the C=N bond (1657-1590 cm -1 ) as a result of the oxazine ring. ). The emission maxima (λ em ) were found to be in the range of 645-676 nm, by exciting at 570 nm. It can also be seen that 1a, with one C 20 alkyl chain at 5-position and one methyl group at 10-position, has the same absorption and emission maxima as 1d, which has one C 20 alkyl chain at 9-position but without the methyl group at 10-position. The fluorescence quantum yields measured with Oxazine 1 as a standard (fluorescence quantum yield, Φ F = 0.11 in ethanol) [32] for 1a and 1d are similar (0.38 and 0.36). Hence it can be formulated that similar substitutions at 5-and 9-positions reveal similar fluorescence parameters, irrespective of the substitution at 10-position.
Similarly, dyes 1b, 1c and 1e have comparable values for absorption maxima, emission maxima and quantum yields. In contrast to 1a and 1d, which are monoalkyl substituted at 9-position, derivatives with an dialkyl substitution at 9-position showed a batochromic shift in absorption and emission maxima, the latter being superior (about 35 nm), but presenting lower fluorescence quantum yields (0.14 or 0.23). The above results suggested that mono-substitution at 9-position displayed better fluorescence quantum yields than the di-substitution, irrespective of the chain length and the substitution at 10-position.
As an initial photophysical study in biological model systems, compounds 1a, 1d and 1e were incorporated It was previously shown that, depending on the physicochemical environment, 5,9-disubstituted benzo[a]phenoxazinium dyes can form H-aggregates (absorption at ~50 nm to the blue) and are involved in acid base equilibria (absorption at ~100 nm to the blue). [23] [24] [25] [26] [27] [28] [29] [30] Recently, we have also found that the main site of acid-base equilibria is the amine at 5-position. [29] An acid-base equilibrium was not observed in aqueous
solutions, probably due to the fact that the basic neutral form was H-bonded and showed a similar photophysical behaviour to the positive acid form.
In the DPPC vesicles, all the compounds seem to be well hydrated near the beginning of the membrane interface as the basic form is not observed. It can also be seen that the icosylamino substituent at the 9-position (compounds 1d and 1e) prevents the formation of H-aggregates, which are non-fluorescent. This aggregation process happens for compound 1a (Figure 2 ) when DPPC is present in the gel phase, but is lost when the DPPC membrane undergoes its phase transition. The temperature increases should reduce the fluorescence intensity as the rate of the competing non-radiative internal conversion process increases.
However, an increase in the fluorescence intensity is observed for compound 1a, which is explained by the absence of non-fluorescent H-aggregates in the liquid crystalline membrane phase. The 9-dialkylated-amino derivative 1e (Figure 4 ) detects the lipid phase transition with a shift to the blue in both absorption and emission maxima. Considering that the hydration and fluidity of the interface increase in the liquidcrystalline phase, [18] this can be interpreted by the relocation of the compound towards the hydrophobic interior of the membrane, as it has been previously shown [23] that for these types of compounds a decrease in polarity results in a blue spectral shift. The presence of the double chain is important for this relocalization process since it is not observed for the single-chain equivalent derivative (compound 1d).
The behaviour of the benzo[a]phenoxazinum chlorides 1a-e in positive DODAB vesicles is completely different. In this case, an acid-base equilibrium is clearly observed for compounds 1d and 1e ( Figures 3 and   4 ), which can be interpreted by their deeper position in the interior of the membrane to get way of the positive charge of DODAB molecules. Although the basic form is dominant, the fluorescence spectra is typical of the acid form, since its fluorescence quantum yield is much higher. [23, 29] Upon the gel to liquidcrystalline phase transition, the proportion of the basic form nearly goes to unity and the fluorescence spectrum is now dominated by a low intensity band that corresponds to the basic form. This effect is greater for the compound with a single side-chain at the 9-position of the benzo[a]phenoxazinum 1d. The absence of an acid-base equilibrium in compound 1a can easily be explained by the fact that, upon membrane insertion, the 5-amino position will be buried within the aliphatic chain, making deprotonation impossible.
Furthermore, H-aggregation is observed for this compound , decreasing with the membrane phase transition, as observed for DPPC. 
Conclusions
In summary, 5,9-diaminobenzo[a]phenoxazinium dyes 1a-e, possessing (di)icosylamino side-chains at 5-or 9-positions of the polyaromatic system were efficiently synthesised. These dyes displayed strong absorption, and fluorescence emission in the near-infrared region with good fluorescence quantum yields.
Results of photophysical behaviour in biomembranes showed that the absorption and fluorescence spectra depended on the charge of the biological membrane and on the lipid chains organization. As a result, the synthesised molecules were able to detect the gel to liquid-crystalline lipid phase transition by simple absorption and fluorescence measurements as well as to provide information on the charge of the membranes.
Experimental Section
General Information: All melting points were measured on a Stuart SMP3 melting point apparatus and are 
N-Ethyl-N-[5-(icosylamino)-9H-benzo[a]phenoxazin-9-ylidene]
ethanaminium chloride 1b. 
N-[5-(Icosylamino)-9H-benzo[a]phenoxazin-9-ylidene]-N-methylmethanaminium
N-Icosylnaphthalen-1-amine 3a:
To a solution of naphthalen-1-amine (1.01 g; 6.98×10 -3 mol) in ethanol (2 mL), 1-bromoicosane (2.65 g, 7.33×10 -3 mol) was added and the resulting mixture was refluxed for 17 h 30 min, and monitored by TLC (chloroform/n-hexane, 7:3). The solvent was evaporated and the crude mixture was purified by column chromatography on silica gel using chloroform/n-hexane, mixtures of increasing polarity, as the eluent, to give compound 3a as a white oily solid (2.66 g, 90% 
